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Abstract: The relationship between low muscle mass (LMM) with obesity and hearing loss has been
poorly studied. We aimed to investigate the association of LMM and obesity on hearing loss in the
general population. A total of 265,792 adults who underwent a hearing test and body composition
analyses were included. Pre-sarcopenia was defined as having an appendicular muscle mass index
<5.7 kg/m2 for women and <7.0 kg/m2 for men, and obesity as a body mass index ≥25 kg/m2,
while pre-sarcopenic obesity was defined as the co-presence of LMM and obesity. Participants
were divided into four groups according to the presence of pre-sarcopenia and/or obesity. The
prevalence of hearing loss was 1.8% in the control, 2.5% in the pre-sarcopenia alone, 3.0% in the
obesity alone, and 6.2% in the pre-sarcopenic obesity group (p < 0.001). Hearing Thresholds were the
highest in the pre-sarcopenic obesity group compared with the other three groups. In multivariable-
adjusted models, the risk of hearing loss was the highest in the pre-sarcopenic obesity group (odds
ratio: 1.30 [95% confidence interval: 1.10–1.56]), followed by the obesity alone (1.20 [1.12–1.28])
and pre-sarcopenia alone (1.19 [1.06–1.34]) group compared with the control group (p < 0.001). Pre-
sarcopenic obesity was independently associated with a higher prevalence of hearing loss, supporting
pre-sarcopenic obesity itself as a risk for the decline in hearing function.

Keywords: hearing loss; low muscle mass; pre-sarcopenia; obesity; pre-sarcopenic obesity

1. Introduction

The prevalence of hearing loss (HL), a widespread public health issue, ranges from
4.9 to 17.0% [1], rises with advancing age, and is more common in men than women [2,3].
Hearing loss in adults is associated with communication difficulties and negative effects on
an individual’s psychosocial function and cognition. It can bring social isolation and a low
health-related quality of life [4–6]. Genetic factors, vascular causes, infections, and ototoxic
medications are well-known risk factors for HL [4,5,7]. Recently, studies have also reported
an association between HL and various metabolic problems, including diabetes mellitus
(DM) [8], cardiovascular disease [9,10], and excess weight [11].

Pre-sarcopenic obesity is a condition where low skeletal muscle mass (called pre-
sarcopenia) and obesity coexist, presenting as both increased adiposity with decreased
muscle mass and function [12]. Several studies have reported that pre-sarcopenia is associ-
ated with metabolic disturbances such as insulin resistance, dyslipidemia, and atherosclero-
sis [13–15]. Some studies reported that in the condition of the co-existence of pre-sarcopenia
and obesity, the risk of metabolic impairment and physical disability is higher than either
pre-sarcopenia or obesity alone [16,17]. Furthermore, low muscle mass (pre-sarcopenia)
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itself is associated with coronary atherosclerosis, metabolic syndrome, and DM occur-
rence [15,18,19]. Because low muscle mass and obesity have similar pathophysiologic
mechanisms, including inflammation, dietary factors, and physical activities, the coexis-
tence of low muscle mass and obesity could increase the risk of mortality and morbidities
and could result in more metabolic-related disorders. These several metabolic impairments
could result in a decrease in cochlear function, and thus it could be assumed that HL and
pre-sarcopenia are also related.

At present, only two studies have reported that pre-sarcopenia is associated with the
prevalence of HL [20,21]. However, no study has investigated the impact of the coexistence
of low muscle mass and obesity (pre-sarcopenic obesity) on HL. Given the fact that both
pre-sarcopenic obesity and HL are associated with metabolic disturbances, we assume that
the condition may be intrinsically related to the prevalence of HL. Therefore, we stratified
a cohort of adults by the presence of pre-sarcopenia and/or obesity and assessed their risk
for hearing loss, which was evaluated by pure-tone audiometry (PTA) testing.

2. Methods
2.1. Participants

This cross-sectional, two-center, retrospective cohort study was a component of the
Kangbuk Samsung Health Study. The subjects were participants in a medical regular
health check-up program in the two Kangbuk Samsung Hospital Total Health Centers,
Sungkyunkwan University in Suwon and Seoul, South Korea [22]. The aim of this medical
health check-up program was to monitor the health of employees in Korea via regularly
screening to detect a disease. The subjects of this study consisted of a subset of participants
who took a PTA test and were included in a bioelectrical impedance analysis from January
2012 to December 2017 (n = 290,329).

For this study, we excluded 24,537 participants who met the following exclusion crite-
ria: history of ischemic/hemorrhagic stroke (n = 2088), history of heart disease (n = 3587),
history of malignancy (n = 12,243), and missing data for laboratory parameters (n = 9621)
(Figure 1). Some subjects met more than one exclusion criteria, leaving 265,792 subjects
enrolled in this final analysis.
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Figure 1. Selection of study participants.

This protocol was carried out according to the Declaration of Helsinki and it was
approved by the Institutional Review Board of Kangbuk Samsung Hospital (KBSMC
no. 2022-03-036), which waived the requirement for written informed consent because of
the anonymized data obtained as part of regular medical examinations.

2.2. Measurements

The participants were examined after a 12 h overnight fasting. Blood samples were
collected to estimate levels of glycated hemoglobin (HbA1c), fasting glucose, triglycerides,
total cholesterol, low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein
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cholesterol (HDL-C), aspartate transaminase (AST), and alanine aminotransferase (ALT).
Fasting blood glucose levels (mmol/L) were evaluated with a nephelometric assay using
a BNII nephelometer (Deerfield, Dade Behring, IL, USA). HbA1c was estimated with
an immune-turbidimetric assay using a Cobra Integra 800 analyzer (Roche Diagnostics,
Switzerland). Lipid profiles were estimated with an enzymatic colorimetric assay. The
hexokinase method was used to calculate the glucose levels of the blood. A calorimetric test
was used to measure triglycerides and total cholesterol levels. The enzymatic calorimetric
test was used to measure LDL-C. The selective inhibition method was used to estimate
HDL-C.

Data on the participants’ smoking status, alcohol history, and medical history of
DM and hypertension (HTN), heart disease, dyslipidemia, ischemic/ hemorrhagic stroke,
and cancer were collected by trained physicians using standardized, self-administered
questionnaires. A history of hypertension (HTN) was concluded if the participant’s blood
pressure ≥140/90 mmHg or if they were presently taking antihypertensive medication
according to the criteria outlined in the 8th report of the Joint National Committee on
the prevention, detection, evaluation, and treatment of high blood pressure [23]. The
history of DM was defined using the criteria of the American Diabetes Association and
the subjects’ answer to the questionnaire. Smoking status was categorized into never,
former, and current smoking categories. Participants with alcohol consumption >20 g/day
were grouped into a heavy drinking group. Physical activities were assessed using the
International Physical Activity Questionnaire-Short Form [24]. Participants who performed
vigorous exercise over 3 times a week for over 20 min/session were grouped into a regular
physical activity group.

Anthropometric data were measured by experienced and trained nurses. Each partici-
pant’s weight and height were measured twice and the two measurements were averaged.
Their body mass index (BMI) was calculated as their body weight in kilograms (kg) divided
by their height in meters squared (kg/m2). Appendicular skeletal muscle mass (kg), the
sum of the muscle mass of the legs and arms, was calculated with a bioelectrical impedance
analysis (BIA) using eight-point tactile electrodes (InBody 720, Biospace, South Korea).
The BIA was calibrated every day prior to the test and was validated for accuracy and
reproducibility for estimating skeletal muscle mass.

2.3. Measurement of Audiometric Measurements

Pure-tone audiometric (PTA) testing was conducted by experienced audiometric
technicians using a GSI 67 audiometer (Bedford, USA) equipped with TDH-39 supra-aural
earphones (TelephonicsCo., Farmingdale, NY, USA) in an equipped sound-attenuating
booth. Air conduction levels were measured in dB for both ears at 0.5 kHz, 1.0 kHZ, and
2.0 kHz. The presence of HL was defined as an average of pure-tone air thresholds at
0.5 kHz, 1.0 kHz, and 2.0 kHz > 25 dB in both right and left ears. Low-frequency and
mid-frequency values were categorized by calculating the pure tone averages at 0.5 kHz,
1 kHz, and 2 kHz. For quality control, the audiometer was annually calibrated according to
the standards of the American National Standards Institute (ISO 389:1991), and biological
calibrations were performed daily prior to the first examination. The ambient noise was
checked with a sound level meter.

2.4. Definition of Pre-Sarcopenic Obesity

To define the term pre-sarcopenia, the appendicular skeletal muscle mass index (SMI)
was measured as the ratio of the appendicular skeletal muscle mass and height square
(kg/m2). The low skeletal muscle mass, pre-sarcopenic status was defined by the criteria
of the Asian Working Group for pre-sarcopenia (AWGS) (SMI of below 7.0 kg/m2 in men
and below 5.7 kg/m2 in women) [25]. Obesity was defined as a BMI ≥ 25.0 (kg/m2).
Pre-sarcopenic obesity was defined as the co-presence of obesity and pre-sarcopenia [26].
The subjects were grouped into four categories as follows: control (without pre-sarcopenia
and obesity), pre-sarcopenia alone, obesity alone, and pre-sarcopenic obesity.
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2.5. Statistical Analysis

The baseline characteristics of the groups were assessed with a Chi-square test for
categorical variables and a one-way analysis of variance (ANOVA) for the continuous
variables. To evaluate the association of pre-sarcopenic obesity with the prevalence of
hearing loss, a binary logistic regression model was used to calculate odds ratios (ORs)
with 95% confidence intervals (CIs) for hearing loss as a dependent variable. ORs were
calculated as risks for the presence of hearing loss in the pre-sarcopenia alone group, the
obesity alone group, and the pre-sarcopenic obesity group compared to the control group.
We used three models to progressively adjust for confounding factors. Model 1 was the
crude analysis without adjustments. Model 2 was adjusted for sex, age, screening center,
current smoker, heavy drinker, and regular physical activity. In Model 3, we additionally
adjusted for HTN, HbA1c, and HDL-C. Stratified analyses for subgroups divided by sex
(women vs. men) and age (≥60 vs. <60 years) were performed. The statistical significance
was set at p < 0.05. All analyses were performed using IBM SPSS version 23.0 (IBM Co.,
New York, NY, USA).

3. Results
3.1. Baseline Characteristics

Of the 265,792 total participants, there were 145,240 (54.6%) men and 120,552 (45.4%)
women. Their mean (±SD) age and BMI were 42.3 ± 9.4 years and 23.8 ± 3.5 kg/m2,
respectively (Table 1). The participants were divided into four groups according to the
presence or absence of pre-sarcopenia and/or obesity as follows: (1) subjects without either
abnormality as a control group (n = 153,809; 57.9%); (2) subjects with pre-sarcopenia alone
(n = 25,981, 9.8%); (3) subjects with obesity alone (n = 80,923, 30.4%); and (4) subjects with
both abnormalities or pre-sarcopenic obesity (n = 5079, 1.9%) (Table 2). Differences in the
demographic characteristics among the four groups were significant for all variables (all
p < 0.0001). The mean SMIs were 7.3 (1.0) in the control, 5.6 (0.5) in the pre-sarcopenia
alone, 7.8 (0.9) in the obesity alone, and 5.9 (0.6) in the pre-sarcopenic obesity group. The
mean BMIs were 22.7 (2.3) in the control, 19.2 (1.4) in the pre-sarcopenia alone, 27.2 (3.0) in
the obesity alone, and 5.9 (0.6) in pre-sarcopenic obesity group.

Table 1. Baseline characteristics of study population (n = 265,792).

Total Control Pre-Sarcopenia
Alone Obesity Alone Pre-Sarcopenic

Obesity p Value

Age (years) 42.3 ± 9.4 42.1 ± 8.9 40.4 ± 10.1 43.2 ± 9.8 46.0 ± 13.1 <0.001 *
Men (%) 54.6 54.0 16.2 69.4 35.0 <0.001 †

Screening center (Seoul, %) 60.4 59.6 63.6 60.7 59.8 <0.001 †

Height (cm) 167.5 ± 8.6 168.3 ± 8.2 160.4 ± 6.2 168.8 ± 8.4 159.9 ± 7.5 <0.001 *
Weight (kg) 67.2 ± 13.5 64.8 ± 10.4 49.4 ± 4.9 77.9 ± 12.3 57.2 ± 5.7 <0.001 *
BMI (kg/m2) 23.8 ± 3.5 22.7 ± 2.3 19.2 ± 1.4 27.2 ± 3.0 22.4 ± 1.4 <0.001 *
Appendicular skeletal muscle mass
(kg) 20.6 ± 5.0 20.8 ± 4.6 14.6 ± 2.4 22.4 ± 4.5 15.2 ± 3.0 <0.001 *

SMI (kg/m2) 7.2 ± 1.1 7.3 ± 1.0 5.6 ± 0.5 7.8 ± 0.9 5.9 ± 0.6 <0.001 *
Smoking status (current smoker, %) 16.2 15.80 6.50 20.50 9.70 <0.001 †

Heavy drinker (%) 20.1 19.5 9.5 25.1 12.9 <0.001 †

Regular physical activity (%) 14.9 16.90 9.60 13.10 9.60 <0.001 †

Hypertension (%) 10.4 8.2 4.1 16.3 12.1 <0.001 †

Diabetes mellitus (%) 3.5 2.9 1.9 5.1 4.9 <0.001 †

Dyslipidemia (%) 16.4 14.5 9.0 22.4 18.6 <0.001 †

Fasting glucose (mg/dL) 97.9 ± 16.3 96.4 ± 13.7 92.8 ± 13.6 102.5 ± 19.9 98.2 ± 19.2 <0.001 *
HbA1c (%) 5.5 ± 0.6 5.5 ± 0.5 5.4 ± 0.5 5.7 ± 0.7 5.6 ± 0.7 <0.001 *
Trigrlycerides (mg/dL) 119.1 ± 84.2 107.8 ± 74.8 83.1 ± 43.9 152.6 ± 99.8 112.3 ± 69.8 <0.001 *
Total cholesterol (mg/dL) 191.4 ± 34.4 188.7 ± 32.9 186.0 ± 32.4 197.9 ± 36.4 198.2 ± 37.4 <0.001 *
LDL-C (mg/dL) 126.8 ± 33.2 124.0 ± 32.0 116.2 ± 30.9 135.4 ± 34.3 132.3 ± 35.7 <0.001 *
HDL-C (mg/dL) 59.7 ± 16.1 61.7 ± 16.0 70.5 ± 16.0 52.6 ± 13.1 61.9 ± 15.3 <0.001 *
AST (IU/L) 22.7 ± 14.7 21.4 ± 13.7 19.6 ± 13.4 26.2 ± 16.4 22.3 ± 11.6 <0.001 *
ALT (IU/L) 24.7 ± 21.3 21.3 ± 16.7 16.0 ± 13.6 34.0 ± 27.3 22.0 ± 16.3 <0.001 *

Data are presented as means ± standard deviation, or percentage. p values for between group difference by * one-
way ANOVA in continuous variables or by † chi-square test in categorical variables. SMI (kg/m2) = appendicular
skeletal muscle mass (kg)/height (m2). Abbreviations: ALT, alanine aminotransferase; AST, aspartate amino-
transferase; BMI, body mass index; CRP, C-reactive protein; HbA1c, glycated hemoglobin; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SMI, skeletal muscle mass index.
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Table 2. Prevalence of hearing loss for the subjects classified by presence of pre-sarcopenia and
obesity (n = 265,792).

Control Pre-Sarcopenia
Alone

Obesity
Alone

Pre-Sarcopenic
Obesity p Value

Classification according to hearing loss <0.0001
Normal (%) 98.2 97.5 97.0 93.8

Hearing loss (%) 1.7 2.2 2.9 6.2

3.2. Prevalence of Hearing Loss and Hearing Threshold in Pre-Sarcopenia, Obesity, Pre-Sarcopenia
Obesity Groups

Among the total population, 5837 (2.2%) participants had hearing loss. The prevalence
of hearing loss was 1.7% in the control group, 2.2% in the pre-sarcopenia alone group,
2.9% in the obesity alone group, and 6.2% in the pre-sarcopenic obesity group, with the
pre-sarcopenic obesity showing the highest prevalence (p < 0.001).

A comparison of low-frequency and mid-frequency Hearing Thresholds between the
study groups are presented in Figure 2. The low-frequency Hearing Thresholds (dB) in the
control, pre-sarcopenia only, obesity only, and pre-sarcopenic obesity group were 8.5, 8.6,
9.9, and 11.2, respectively (p < 0.001) (Figure 2a). The mid-frequency hearing thresholds in
the control, pre-sarcopenia alone, obesity alone, and pre-sarcopenic obesity group were 9.7,
9.8, 10.9, and 12.8, respectively (p < 0.001) (Figure 2b).

Healthcare 2022, 10, x  5 of 11 
 

 

Hypertension (%) 10.4 8.2 4.1 16.3 12.1 <0.001 † 
Diabetes mellitus (%) 3.5 2.9 1.9 5.1 4.9 <0.001 † 
Dyslipidemia (%) 16.4 14.5 9.0 22.4 18.6 <0.001 † 
Fasting glucose (mg/dL) 97.9 ± 16.3 96.4 ± 13.7 92.8 ± 13.6 102.5 ± 19.9 98.2 ± 19.2 <0.001 * 
HbA1c (%) 5.5 ± 0.6 5.5 ± 0.5 5.4 ± 0.5 5.7 ± 0.7 5.6 ± 0.7 <0.001 * 
Trigrlycerides (mg/dL) 119.1 ± 84.2 107.8 ± 74.8 83.1 ± 43.9 152.6 ± 99.8 112.3 ± 69.8 <0.001 * 
Total cholesterol (mg/dL) 191.4 ± 34.4 188.7 ± 32.9 186.0 ± 32.4 197.9 ± 36.4 198.2 ± 37.4 <0.001 * 
LDL-C (mg/dL) 126.8 ± 33.2 124.0 ± 32.0 116.2 ± 30.9 135.4 ± 34.3 132.3 ± 35.7 <0.001 * 
HDL-C (mg/dL) 59.7 ± 16.1 61.7 ± 16.0 70.5 ± 16.0 52.6 ± 13.1 61.9 ± 15.3 <0.001 * 
AST (IU/L) 22.7 ± 14.7 21.4 ± 13.7 19.6 ± 13.4 26.2 ± 16.4 22.3 ± 11.6 <0.001 * 
ALT (IU/L) 24.7 ± 21.3 21.3 ± 16.7 16.0 ± 13.6 34.0 ± 27.3 22.0 ± 16.3 <0.001 * 

Data are presented as means ± standard deviation, or percentage. p values for between group dif-
ference by * one-way ANOVA in continuous variables or by † chi-square test in categorical variables. 
SMI (kg/m2) = appendicular skeletal muscle mass (kg)/height (m2). Abbreviations: ALT, alanine ami-
notransferase; AST, aspartate aminotransferase; BMI, body mass index; CRP, C-reactive protein; 
HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lip-
oprotein cholesterol; SMI, skeletal muscle mass index. 

Table 2. Prevalence of hearing loss for the subjects classified by presence of pre-sarcopenia and 
obesity (n = 265,792). 

 Control Pre-Sarcopenia Alone Obesity Alone Pre-Sarcopenic Obesity p Value 
Classification according to hearing loss     <0.0001 

Normal (%) 98.2 97.5 97.0 93.8  
Hearing loss (%) 1.7 2.2 2.9 6.2  

3.2. Prevalence of Hearing Loss and Hearing Threshold in Pre-Sarcopenia, Obesity,  
Pre-Sarcopenia Obesity Groups 

Among the total population, 5837 (2.2%) participants had hearing loss. The preva-
lence of hearing loss was 1.7% in the control group, 2.2% in the pre-sarcopenia alone 
group, 2.9% in the obesity alone group, and 6.2% in the pre-sarcopenic obesity group, with 
the pre-sarcopenic obesity showing the highest prevalence (p < 0.001).  

A comparison of low-frequency and mid-frequency Hearing Thresholds between the 
study groups are presented in Figure 2. The low-frequency Hearing Thresholds (dB) in 
the control, pre-sarcopenia only, obesity only, and pre-sarcopenic obesity group were 8.5, 
8.6, 9.9, and 11.2, respectively (p < 0.001) (Figure 2a). The mid-frequency hearing thresh-
olds in the control, pre-sarcopenia alone, obesity alone, and pre-sarcopenic obesity group 
were 9.7, 9.8, 10.9, and 12.8, respectively (p < 0.001) (Figure 2b). 

 
Figure 2. Comparison of (a) low-frequency Hearing Thresholds and (b) mid-frequency Hearing 
Thresholds between study groups. Adjusted means of hearing threshold in the study group were 
estimated from ANCOVA after adjustments for age, sex, screening center, heavy alcohol, smoking 

Figure 2. Comparison of (a) low-frequency Hearing Thresholds and (b) mid-frequency Hearing
Thresholds between study groups. Adjusted means of hearing threshold in the study group were
estimated from ANCOVA after adjustments for age, sex, screening center, heavy alcohol, smoking
status, history of hypertension, HbA1c, and HDL-C. * Adjusted p < 0.001 versus control group in
post hoc analysis. † Adjusted p < 0.001 versus pre-sarcopenia alone group in post hoc analysis. ‡

Adjusted p < 0.001 versus obesity alone group in post hoc analysis. # Adjusted p < 0.001 versus
pre-sarcopenic obesity group in post hoc analysis. Abbreviations: HbA1c, glycated hemoglobin;
HDL-C, high-density lipoprotein cholesterol.

3.3. Association between Hearing Loss and Pre-Sarcopenic Obesity

When the univariant logistic regression analysis was performed, the OR increased pro-
gressively toward pre-sarcopenia alone, obesity, and pre-sarcopenia obesity (1.27 (1.15–1.39),
1.70 (1.61–1.80), and 3.77 (3.34–4.25), respectively (Table 3, p value < 0.0001). After adjust-
ments for possible confounding factors, including age, sex, screening center, heavy alcohol,
smoking status, and regular physical activity in Model 2, the OR was attenuated, but
statistical significance was still observed. When hypertension, HbA1c, and HDL-C were
added to Model 2 to identify the effects of metabolic factors, a similar statistical significance
was also observed in Model 3 (adjusted OR, CI): 1.19 (1.06–1.34), 1.20 (1.12–1.28), and
1.30 (1.10–1.56) in pre-sarcopenia alone, obesity, and pre-sarcopenia obesity, respectively
(p value < 0.0001).
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Table 3. Multivariable-adjusted odds ratios (95% CI) for prevalence of hearing loss in pre-sarcopenia,
obesity, and pre-sarcopenic obesity.

Control 1
Pre-

Sarcopenia
Alone

Obesity
Alone

Pre-
Sarcopenic

Obesity
p Value

Model 1 1.0 (Ref) 1.27
(1.15–1.39)

1.70
(1.61–1.80)

3.77
(3.34–4.25) <0.0001

Model 2 1.0 (Ref) 1.15
(1.02–1.29)

1.27
(1.19–1.36)

1.33
(1.14–1.57) <0.0001

Model 3 1.0 (Ref) 1.19
(1.06–1.34)

1.20
(1.12–1.28)

1.30
(1.10–1.56) <0.0001

1 Control = non-pre-sarcopenia and non-obesity. Model 1: crude analysis. Model 2: age, sex, screening center,
current smoker, heavy drinker, and regular physical activity. Model 3: Model 2 + hypertension, HbA1c, and
HDL-C. Abbreviations: CI, confidence interval; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein
cholesterol.

3.4. Subgroup Analyses by Sex and Age

The association between pre-sarcopenic obesity and the prevalence of hearing loss
was next examined for sex and age subgroups (Table 4). The association between pre-
sarcopenic obesity and hearing loss was significant only in women (adjusted OR: 1.44;
95% CI: 1.16–1.80), not in men (adjusted OR: 1.15; 95% CI: 0.90–1.47). Furthermore, younger
participants (<60 years) with pre-sarcopenic obesity had an increased risk of hearing loss
(adjusted OR: 1.43; 95% CI: 1.11–1.84), which was not significant in older participants
(≥60 years) (adjusted OR: 1.18; 95% CI: 0.95–1.46).

Table 4. Subgroup analysis for prevalence of hearing loss in pre-sarcopenia alone, obesity alone, and
pre-sarcopenic obesity.

Control 1 Pre-Sarcopenia
Alone Obesity Alone Pre-Sarcopenic

Obesity p Value

Sex
Women (n = 120,552) 1.0 (Ref) 1.23 (1.03–1.41) 1.29 (1.14–1.45) 1.44 (1.16–1.80)

<0.0001Men (n = 145,240) 1.0 (Ref) 1.21 (1.00–1.46) 1.15 (1.06–1.25) 1.15 (0.90–1.47)
Age (years)

<60 (n = 253,149) 1.0 (Ref) 1.17 (1.01–1.38) 1.24 (1.14–1.35) 1.43 (1.11–1.84)
<0.0001≥60 (n = 12,643) 1.0 (Ref) 1.17 (0.98–1.40) 1.12 (0.99–1.26) 1.18 (0.95–1.46)

1 Control = non-pre-sarcopenia and non-obesity. Multivariable-adjusted odds ratios (95% CI) were estimated after
adjustments for age, sex, screening center, current smoker, heavy drinker, and regular physical activity, history
of hypertension, HbA1c, and HDL-C. Abbreviations: CI, confidence interval; HbA1c, glycosylated hemoglobin;
HDL-C, high-density lipoprotein.

4. Discussion

In this study, we observed that pre-sarcopenic obesity was independently associated
with an increased risk of hearing loss in a population-based study. These associations
remained significant even after adjustments for possible confounding variables. Further-
more, we found a considerably strong association between pre-sarcopenic obesity and
hearing loss in younger (<60 years) and women participants. This is the first study to report
pre-sarcopenic obesity as a risk factor for hearing loss, measured by PTA testing, with sex
and age differences in a healthy adult population.

There are only two previous studies that showed the association between sarcopenia
and HL. Kang et al. [20] reported an association between sarcopenia and hearing thresholds
in postmenopausal women. The adjusted OR for mild HL was 1.58 (95% CI, 1.131–2.217;
p = 0.007) and the adjusted OR for profound HL was 2.667 (95% CI, 1.866–3.812; p < 0.001)
in the sarcopenia group relative to the normal group. Lee et al. [21] reported a relationship
between sarcopenia and HL in older Koreans aged 60 years or old. They categorized
appendicular muscle mass in tertiles. The OR (95% CI) of hearing loss was 1.57 (0.92–2.68)
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in the middle tertile and 1.79 (1.03–3.08) in the lowest tertile, compared with the highest
tertile in the female population. The male population did not show statistical significance
between hearing loss and muscle mass. The result that the female group showed a stronger
association with hearing loss is consistent with our study. From what we can see, no other
study has been conducted to show an association of the co-existence of low muscle mass
with obesity on hearing loss spanning the entire range of age.

Sarcopenia has been reported as a risk factor for metabolic syndrome, limiting phys-
ical and daily-life activities. In addition, sarcopenia could result in arterial stiffness and
hypertension [27–30]. One study reported that when sarcopenia coexists with obesity,
so-called pre-sarcopenic obesity, the group had a higher risk of metabolic syndrome than
the sarcopenic group (OR: 1.98, 95% CI: 1.25–3.16) and the obesity group (OR: 7.53, 95% CI:
4.01–14.14) [31]. Several studies reported that hearing loss is associated with metabolic
syndrome [32,33] including a systemic review and meta-analysis [34]. Therefore, there
may be an association between pre-sarcopenia and HL, and it can be assumed that the
association with sarcopenic obesity and HL is higher than that of sarcopenia only. As can
be seen from our study, both the prevalence of HL and the risk of hearing loss (odds ratio
for the prevalence of HL) gradually increased from normal in the pre-sarcopenia alone,
obesity alone, and pre-sarcopenic obesity group.

HL is associated with cardiovascular disease [9]. The stria vascularis in the cochlear is
highly vascularized and sensitive to the alteration of the arterial blood supply [35]. Several
studies reported that changes in blood flow to the cochlear affected cochlear function both
in animal models [36,37] and also in humans [10]. The association between pre-sarcopenic
obesity and cardiovascular disease has been well known [38]. Greater muscle mass re-
quires more blood flow, and this leads to a higher cardiac output and size adaptation of
the arteries. Consequently, patients may be more likely to have greater arterial stiffness
in small diameter arteries. This may result in the reduction in cochlear blood flow and
decreased blood supply to the cochlear, which can lead to hearing impairment. Conversely,
an increased muscle mass may reduce blood pressure and improve hemodynamics [39],
suggesting that muscle mass could play a protective role in the development of cardio-
vascular disease and thus could preventing hearing impairment. The interesting result is
that the female population has a stronger association with cardiovascular disease than the
male population [9]. Moreover, poor blood flow by arterial stiffness was more significantly
associated with females than males [30]. These results are consistent with our findings that
in the subgroup analysis of sex, the female group showed a stronger association with HL
than the male group.

Inflammation may be another cause of the association between pre-sarcopenic obesity
and HL. Obesity itself promotes inflammation by increasing pro-inflammatory cytokines
such as interleukin-6 and necrosis factor-alpha [40]. Low muscle mass and obesity are also
associated with several inflammatory cytokines, including interleukin-6, serum insulin-like
growth factor-1, and hs-CRP [41]. The chronic activation of these inflammatory cytokines
could induce HL by infiltrating the endolymphatic sac in the inner ear [42].

In this study, there was a significant association between pre-sarcopenic obesity and
HL in women participants. This result is consistent with the results of a previous study,
which reported a stronger association between low muscle mass and the prevalence of
hearing loss in women more than in men participants [21]. As mentioned in the previous
paragraph, women participants are more susceptible to cardiovascular disease and inflam-
matory disease. Several possible explanations related to the sex-specific differences are
that a decline in muscle mass is more pronounced in females [43]. Additionally, women
experience an estrogen hormone-deficient state for more than one-third of their lives,
which is likely to result in decreased protein synthesis and an increased prevalence of
pre-sarcopenia [44]. Therefore, pre-sarcopenic obesity may be more strongly associated
with HL in women than in men.

This study demonstrated that there was a stronger association between pre-sarcopenic
obesity and HL in younger subjects compared with elderly subjects. A possible explanation
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is that inflammation may be a mediator between pre-sarcopenic obesity and HL. The
present finding is in line with a previous study, which found a stronger association between
high-sensitivity CRP (hs-CRP) and sarcopenic obesity in younger subjects than in the
elderly [41]. Even though inflammation is an important patho-mechanism of sarcopenia
and obesity in the elderly population, younger subjects can be more susceptible to changes
in inflammation [45].

There were higher low-frequency and mid-frequency hearing thresholds in the obesity
alone group than in pre-sarcopenia alone group. Furthermore, the prevalence of hearing
loss was slightly higher in the obesity group (2.9%) than in the pre-sarcopenia alone
group (2.2%). The exact mechanism is not known yet. However, a possible explanation
is that the metabolic impact on impairing hearing function can be higher in obesity than
pre-sarcopenia. Obesity, which is defined as an accumulation of fat tissues, can have
many harmful metabolic effects on multiple organs [46]. On the other hand, sarcopenia is
described as a metabolic disease that has adverse effects on many organs. However, in this
study, we grouped subjects into a “pre-sarcopenia” group, which was defined by decreased
skeletal muscle mass because of the study design outlined in [47]. Therefore, obesity itself
may have more deleterious effects on hearing function than pre-sarcopenia alone. Still,
further studies comparing sarcopenia versus obesity on hearing loss are needed.

There are some limitations to our study. First, because our study is a cross-sectional
study, causal relationships between pre-sarcopenic obesity and HL is difficult to evaluate.
Further prospective studies are needed to investigate the causal relationship between them.
Second, since we did not consider muscle function due to a lack of information, definite sar-
copenia was not considered in the present study. However, there were many clinical studies
defining sarcopenia based only on low muscle mass [16,17,48,49], although we determined
that low muscle mass defined pre-sarcopenia. Additionally, one’s performance and phys-
ical strength decreases consecutively as muscle mass decreases [50], and pre-sarcopenia
is a pre-clinical status of sarcopenia-related problems. Third, our study did not consider
sensitive components of hearing loss (such as speech discrimination or speech recognition
thresholds) because this study is a population-based study with health screening properties.
We did not see 265,792 subjects as ENT outpatients but we measured hearing levels during
health examinations that were conducted during a medical health check-up. Therefore,
we could not check every frequency of 250 Hz, 500 Hz, 1000 Hz, 2000 Hz, 4000 Hz, and
8000 Hz. Because we did not conduct an otoscopic evaluation for all subjects, we could not
determine whether the hearing loss was sensorineural or conductive hearing loss. Further
studies including evaluations of frequency from 250 Hz to 8000 Hz are needed to determine
the association between the type of hearing loss and sarcopenic obesity.

5. Conclusions

In this large population study, an increased risk of hearing loss was found for those
with a co-existence of low skeletal muscle mass and obesity, even if they were comparatively
middle-aged participants. Furthermore, age and sex differences in these associations were
found, showing a strong association in younger (<60 years) and women participants than in
older and men participants. This study suggests a possible connection between sarcopenic
obesity and the development of hearing loss. Future research using randomized trials
is needed to show that targeted treatments for sarcopenic obesity can improve hearing
function.

Author Contributions: Conceptualization, C.-H.P. and T.H.K.; methodology, C.-H.P. and T.H.K.;
validation, C.-H.P.; investigation, C.-H.P. and T.H.K.; resources, C.-H.P. and T.H.K.; writing—original
draft preparation, C.-H.P. and T.H.K.; writing—review and editing, T.H.K.; supervision, K.J.Y., Y.-T.L.,
S.M.J. and S.H.L.; All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the National Research Foundation of Korea (NRF), grant
funded by the Korean government (MSIT) (No. 2020R1F1A107615713 and No. 2022R1F1A107487511).



Healthcare 2022, 10, 2022 9 of 11

Institutional Review Board Statement: The study protocol was conducted in accordance with the
Declaration of Helsinki and was approved by the Institutional Review Board (IRB) of Kangbuk
Samsung Hospital (IRB no. KBSMC 2022-03-036).

Informed Consent Statement: Informed consent was waived due to the use of de-identified datasets
that were collected during the routine health check-up.

Data Availability Statement: Data can be obtained from the corresponding author upon reasonable
request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. GBD 2019 Hearing Loss Collaborators. Hearing loss prevalence and years lived with disability, 1990–2019: Findings from the

global burden of disease study 2019. Lancet 2021, 397, 996–1009. [CrossRef]
2. Siegelaub, A.B.; Friedman, G.D.; Adour, K.; Seltzer, C.C. Hearing loss in adults: Relation to age, sex, exposure to loud noise, and

cigarette smoking. Arch. Environ. Health Int. J. 1974, 29, 107–109. [CrossRef] [PubMed]
3. Krist, A.H.; Davidson, K.W.; Mangione, C.M.; Cabana, M.; Caughey, A.B.; Davis, E.M.; Donahue, K.E.; Doubeni, C.A.; Epling,

J.W., Jr.; Kubik, M.; et al. Screening for hearing loss in older adults: US Preventive services task force recommendation statement.
JAMA 2021, 325, 1196–1201. [CrossRef] [PubMed]

4. Bainbridge, K.E.; Wallhagen, M.I. Hearing loss in an aging American population: Extent, impact, and management. Annu. Rev.
Public Health 2014, 35, 139–152. [CrossRef]

5. Kamil, R.J.; Lin, F.R. The effects of hearing impairment in older adults on communication partners: A systematic review. J. Am.
Acad. Audiol. 2015, 26, 155–182. [CrossRef]

6. Mick, P.; Kawachi, I.; Lin, F.R. The association between hearing loss and social isolation in older adults. Otolaryngol. Head Neck
Surg. 2014, 150, 378–384. [CrossRef]

7. Cole, R.R.; Jahrsdoerfer, R.A. Sudden hearing loss: An update. Am. J. Otol. 1988, 9, 211–215.
8. Horikawa, C.; Kodama, S.; Tanaka, S.; Fujihara, K.; Hirasawa, R.; Yachi, Y.; Shimano, H.; Yamada, N.; Saito, K.; Sone, H. Diabetes

and risk of hearing impairment in adults: A meta-analysis. J. Clin. Endocrinol. Metab. 2013, 98, 51–58. [CrossRef]
9. Gates, G.A.; Cobb, J.L.; D’Agostino, R.B.; Wolf, P.A. The relation of hearing in the elderly to the presence of cardiovascular disease

and cardiovascular risk factors. Arch. Otolaryngol. Head Neck Surg. 1993, 119, 156–161. [CrossRef]
10. Torre, P., 3rd; Cruickshanks, K.J.; Klein, B.E.; Klein, R.; Nondahl, D.M. The association between cardiovascular disease and

cochlear function in older adults. J. Speech Lang. Hear. Res. 2005, 48, 473–481. [CrossRef]
11. Dhanda, N.; Taheri, S. A narrative review of obesity and hearing loss. Int. J. Obes. 2017, 41, 1066–1073. [CrossRef]
12. Cruz-Jentoft, A.J.; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyere, O.; Cederholm, T.; Cooper, C.; Landi, F.; Rolland, Y.; Sayer, A.A.; et al.

Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing 2019, 48, 16–31. [CrossRef]
13. Dominguez, L.J.; Barbagallo, M. The cardiometabolic syndrome and sarcopenic obesity in older persons. J. Cardiometab. Syndr.

2007, 2, 183–189. [CrossRef]
14. Lee, S.W.; Youm, Y.; Lee, W.J.; Choi, W.; Chu, S.H.; Park, Y.R.; Kim, H.C. Appendicular skeletal muscle mass and insulin resistance

in an elderly korean population: The korean social life, health and aging project-health examination cohort. Diabetes Metab. J.
2015, 39, 37–45. [CrossRef]

15. Kim, B.C.; Kim, M.K.; Han, K.; Lee, S.Y.; Lee, S.H.; Ko, S.H.; Kwon, H.S.; Merchant, A.T.; Yim, H.W.; Lee, W.C.; et al. Low
muscle mass is associated with metabolic syndrome only in nonobese young adults: The Korea National Health and Nutrition
Examination Survey 2008-2010. Nutr. Res. 2015, 35, 1070–1078. [CrossRef]

16. Kim, T.N.; Yang, S.J.; Yoo, H.J.; Lim, K.I.; Kang, H.J.; Song, W.; Seo, J.A.; Kim, S.G.; Kim, N.H.; Baik, S.H.; et al. Prevalence
of sarcopenia and sarcopenic obesity in Korean adults: The Korean sarcopenic obesity study. Int. J. Obes. 2009, 33, 885–892.
[CrossRef]

17. Lim, S.; Kim, J.H.; Yoon, J.W.; Kang, S.M.; Choi, S.H.; Park, Y.J.; Kim, K.W.; Lim, J.Y.; Park, K.S.; Jang, H.C. Sarcopenic obesity:
Prevalence and association with metabolic syndrome in the Korean Longitudinal Study on Health and Aging (KLoSHA). Diabetes
Care 2010, 33, 1652–1654. [CrossRef]

18. Ko, B.J.; Chang, Y.; Jung, H.S.; Yun, K.E.; Kim, C.W.; Park, H.S.; Chung, E.C.; Shin, H.; Ryu, S. Relationship Between Low Relative
Muscle Mass and Coronary Artery Calcification in Healthy Adults. Arterioscler. Thromb. Vasc. Biol. 2016, 36, 1016–1021. [CrossRef]

19. Kim, K.S.; Park, K.S.; Kim, M.J.; Kim, S.K.; Cho, Y.W.; Park, S.W. Type 2 diabetes is associated with low muscle mass in older
adults. Geriatr. Gerontol. Int. 2014, 14 (Suppl. S1), 115–121. [CrossRef]

20. Kang, S.H.; Jung, D.J.; Cho, K.H.; Park, J.W.; Lee, K.Y.; Do, J.Y. Association between sarcopenia and hearing thresholds in
postmenopausal women. Int. J. Med. Sci. 2017, 14, 470–476. [CrossRef]

21. Lee, J.; Han, K.; Song, J.J.; Im, G.J.; Chae, S.W. Sarcopenia and Hearing Loss in Older Koreans: Findings from the Korea National
Health and Nutrition Examination Survey (KNHANES) 2010. PLoS ONE 2016, 11, e0150281. [CrossRef] [PubMed]

22. Chang, Y.; Kim, B.K.; Yun, K.E.; Cho, J.; Zhang, Y.; Rampal, S.; Zhao, D.; Jung, H.S.; Choi, Y.; Ahn, J.; et al. Metabolically-healthy
obesity and coronary artery calcification. J. Am. Coll. Cardiol. 2014, 63, 2679–2686. [CrossRef] [PubMed]

http://doi.org/10.1016/S0140-6736(21)00516-X
http://doi.org/10.1080/00039896.1974.10666542
http://www.ncbi.nlm.nih.gov/pubmed/4835178
http://doi.org/10.1001/jama.2021.2566
http://www.ncbi.nlm.nih.gov/pubmed/33755083
http://doi.org/10.1146/annurev-publhealth-032013-182510
http://doi.org/10.3766/jaaa.26.2.6
http://doi.org/10.1177/0194599813518021
http://doi.org/10.1210/jc.2012-2119
http://doi.org/10.1001/archotol.1993.01880140038006
http://doi.org/10.1044/1092-4388(2005/032)
http://doi.org/10.1038/ijo.2017.32
http://doi.org/10.1093/ageing/afy169
http://doi.org/10.1111/j.1559-4564.2007.06673.x
http://doi.org/10.4093/dmj.2015.39.1.37
http://doi.org/10.1016/j.nutres.2015.09.020
http://doi.org/10.1038/ijo.2009.130
http://doi.org/10.2337/dc10-0107
http://doi.org/10.1161/ATVBAHA.116.307156
http://doi.org/10.1111/ggi.12189
http://doi.org/10.7150/ijms.18048
http://doi.org/10.1371/journal.pone.0150281
http://www.ncbi.nlm.nih.gov/pubmed/26978776
http://doi.org/10.1016/j.jacc.2014.03.042
http://www.ncbi.nlm.nih.gov/pubmed/24794119


Healthcare 2022, 10, 2022 10 of 11

23. James, P.A.; Oparil, S.; Carter, B.L.; Cushman, W.C.; Dennison-Himmelfarb, C.; Handler, J.; Lackland, D.T.; LeFevre, M.L.;
MacKenzie, T.D.; Ogedegbe, O.; et al. 2014 Evidence-based guideline for the management of high blood pressure in adults:
Report from the panel members appointed to the Eighth Joint National Committee (JNC 8). JAMA 2014, 311, 507–520. [CrossRef]
[PubMed]

24. Lee, P.H.; Macfarlane, D.J.; Lam, T.H.; Stewart, S.M. Validity of the international physical activity questionnaire short form
(IPAQ-SF): A systematic review. Int. J. Behav. Nutr. Phys. Act. 2011, 8, 1–11. [CrossRef]

25. Chen, L.K.; Liu, L.K.; Woo, J.; Assantachai, P.; Auyeung, T.W.; Bahyah, K.S.; Chou, M.Y.; Chen, L.Y.; Hsu, P.S.; Krairit, O.; et al.
Sarcopenia in Asia: Consensus report of the Asian Working Group for Sarcopenia. J. Am. Med. Dir. Assoc. 2014, 15, 95–101.
[CrossRef]

26. Jun, J.E.; Kang, M.; Jin, S.M.; Kim, K.; Hwang, Y.C.; Jeong, I.K.; Kim, J.H. Additive effect of low skeletal muscle mass and
abdominal obesity on coronary artery calcification. Eur. J. Endocrinol. 2021, 184, 867–877. [CrossRef]

27. Park, S.H.; Park, J.H.; Park, H.Y.; Jang, H.J.; Kim, H.K.; Park, J.; Shin, K.J.; Lee, J.G.; Moon, Y.S. Additional role of sarcopenia to
waist circumference in predicting the odds of metabolic syndrome. Clin. Nutr. 2014, 33, 668–672. [CrossRef]

28. Park, B.S.; Yoon, J.S. Relative skeletal muscle mass is associated with development of metabolic syndrome. Diabetes Metab. J. 2013,
37, 458–464. [CrossRef]

29. Prado, C.M.; Wells, J.C.; Smith, S.R.; Stephan, B.C.; Siervo, M. Sarcopenic obesity: A Critical appraisal of the current evidence.
Clin. Nutr. 2012, 31, 583–601. [CrossRef]

30. Sanada, K.; Miyachi, M.; Tanimoto, M.; Yamamoto, K.; Murakami, H.; Okumura, S.; Gando, Y.; Suzuki, K.; Tabata, I.; Higuchi, M.
A cross-sectional study of sarcopenia in Japanese men and women: Reference values and association with cardiovascular risk
factors. Eur. J. Appl. Physiol. 2010, 110, 57–65. [CrossRef]

31. Roh, E.; Choi, K.M. Health Consequences of Sarcopenic Obesity: A Narrative Review. Front. Endocrinol. 2020, 11, 332. [CrossRef]
32. Aghazadeh-Attari, J.; Mansorian, B.; Mirza-Aghazadeh-Attari, M.; Ahmadzadeh, J.; Mohebbi, I. Association between metabolic

syndrome and sensorineural hearing loss: A cross-sectional study of 11,114 participants. Diabetes Metab. Syndr. Obes. 2017, 10,
459–465. [CrossRef]

33. Han, X.; Wang, Z.; Wang, J.; Li, Y.; Hu, H.; Hu, Y.; Zhao, X.; Zhan, Y.; Yuan, J.; Wei, S.; et al. Metabolic syndrome is associated
with hearing loss among a middle-aged and older Chinese population: A cross-sectional study. Ann. Med. 2018, 50, 587–595.
[CrossRef]

34. Lam, M.; Bao, Y.; Hua, G.B.; Sommer, D.D. Sudden Sensorineural Hearing Loss and Metabolic Syndrome: A Systematic Review
and Meta-analysis. Otol. Neurotol. 2021, 42, 1308–1313. [CrossRef]

35. Kim, T.S.; Park, S.W.; Kim, D.Y.; Kim, E.B.; Chung, J.W.; So, H.S. Visceral adipose tissue is significantly associated with hearing
thresholds in adult women. Clin. Endocrinol. 2014, 80, 368–375. [CrossRef]

36. Mom, T.; Avan, P.; Romand, R.; Gilain, L. Monitoring of functional changes after transient ischemia in gerbil cochlea. Brain Res.
1997, 751, 20–30. [CrossRef]

37. Mom, T.; Telischi, F.F.; Martin, G.K.; Lonsbury-Martin, B.L. Measuring the cochlear blood flow and distortion-product otoacoustic
emissions during reversible cochlear ischemia: A rabbit model. Hear. Res. 1999, 133, 40–52. [CrossRef]

38. Atkins, J.L.; Wannamathee, S.G. Sarcopenic obesity in ageing: Cardiovascular outcomes and mortality. Br. J. Nutr. 2020, 124,
1102–1113. [CrossRef]

39. Wilmore, J.H.; Stanforth, P.R.; Gagnon, J.; Rice, T.; Mandel, S.; Leon, A.S.; Rao, D.C.; Skinner, J.S.; Bouchard, C. Heart rate
and blood pressure changes with endurance training: The HERITAGE Family Study. Med. Sci. Sports Exerc. 2001, 33, 107–116.
[CrossRef]

40. Beyer, I.; Mets, T.; Bautmans, I. Chronic low-grade inflammation and age-related sarcopenia. Curr. Opin. Clin. Nutr. Metab. Care
2012, 15, 12–22. [CrossRef]

41. Park, C.H.; Do, J.G.; Lee, Y.T.; Yoon, K.J. Sarcopenic obesity associated with high-sensitivity C-reactive protein in age and sex
comparison: A two-center study in South Korea. BMJ Open 2018, 8, e021232. [CrossRef]

42. Satoh, H.; Firestein, G.S.; Billings, P.B.; Harris, J.P.; Keithley, E.M. Proinflammatory cytokine expression in the endolymphatic sac
during inner ear inflammation. J. Assoc. Res. Otolaryngol. 2003, 4, 139–147. [CrossRef]

43. Cruz-Jentoft, A.J.; Baeyens, J.P.; Bauer, J.M.; Boirie, Y.; Cederholm, T.; Landi, F.; Martin, F.C.; Michel, J.P.; Rolland, Y.; Schneider,
S.M.; et al. Sarcopenia: European consensus on definition and diagnosis: Report of the European Working Group on Sarcopenia
in Older People. Age Ageing 2010, 39, 412–423. [CrossRef]

44. Petroni, M.L.; Caletti, M.T.; Dalle Grave, R.; Bazzocchi, A.; Aparisi Gomez, M.P.; Marchesini, G. Prevention and Treatment of
Sarcopenic Obesity in Women. Nutrients 2019, 11, 1302. [CrossRef]

45. Baylis, D.; Bartlett, D.B.; Patel, H.P.; Roberts, H.C. Understanding how we age: Insights into inflammaging. Longev. Healthspan
2013, 2, 8. [CrossRef]

46. Grundy, S.M. Obesity, metabolic syndrome, and cardiovascular disease. J. Clin. Endocrinol. Metab. 2004, 89, 2595–2600. [CrossRef]
47. Hunter, G.R.; Singh, H.; Carter, S.J.; Bryan, D.R.; Fisher, G. Sarcopenia and its implications for metabolic health. J. Obes. 2019,

2019, 8031705. [CrossRef]
48. Moon, S.S. Low skeletal muscle mass is associated with insulin resistance, diabetes, and metabolic syndrome in the Korean

population: The Korea National Health and Nutrition Examination Survey (KNHANES) 2009–2010. Endocr. J. 2014, 61, 61–70.
[CrossRef]

http://doi.org/10.1001/jama.2013.284427
http://www.ncbi.nlm.nih.gov/pubmed/24352797
http://doi.org/10.1186/1479-5868-8-115
http://doi.org/10.1016/j.jamda.2013.11.025
http://doi.org/10.1530/EJE-20-0885
http://doi.org/10.1016/j.clnu.2013.08.008
http://doi.org/10.4093/dmj.2013.37.6.458
http://doi.org/10.1016/j.clnu.2012.06.010
http://doi.org/10.1007/s00421-010-1473-z
http://doi.org/10.3389/fendo.2020.00332
http://doi.org/10.2147/DMSO.S150893
http://doi.org/10.1080/07853890.2018.1469786
http://doi.org/10.1097/MAO.0000000000003302
http://doi.org/10.1111/cen.12184
http://doi.org/10.1016/S0006-8993(96)01388-1
http://doi.org/10.1016/S0378-5955(99)00056-8
http://doi.org/10.1017/S0007114520002172
http://doi.org/10.1097/00005768-200101000-00017
http://doi.org/10.1097/MCO.0b013e32834dd297
http://doi.org/10.1136/bmjopen-2017-021232
http://doi.org/10.1007/s10162-002-3025-7
http://doi.org/10.1093/ageing/afq034
http://doi.org/10.3390/nu11061302
http://doi.org/10.1186/2046-2395-2-8
http://doi.org/10.1210/jc.2004-0372
http://doi.org/10.1155/2019/8031705
http://doi.org/10.1507/endocrj.EJ13-0244


Healthcare 2022, 10, 2022 11 of 11

49. Kwon, S.S.; Lee, S.G.; Lee, Y.H.; Lim, J.B.; Kim, J.H. Homeostasis model assessment of insulin resistance in a general adult
population in Korea: Additive association of sarcopenia and obesity with insulin resistance. Clin. Endocrinol. 2017, 86, 44–51.
[CrossRef]

50. Lexell, J.; Taylor, C.C.; Sjostrom, M. What is the cause of the ageing atrophy? Total number, size and proportion of different fiber
types studied in whole vastus lateralis muscle from 15- to 83-year-old men. J. Neurol. Sci. 1988, 84, 275–294. [CrossRef]

http://doi.org/10.1111/cen.13233
http://doi.org/10.1016/0022-510X(88)90132-3

	Introduction 
	Methods 
	Participants 
	Measurements 
	Measurement of Audiometric Measurements 
	Definition of Pre-Sarcopenic Obesity 
	Statistical Analysis 

	Results 
	Baseline Characteristics 
	Prevalence of Hearing Loss and Hearing Threshold in Pre-Sarcopenia, Obesity, Pre-Sarcopenia Obesity Groups 
	Association between Hearing Loss and Pre-Sarcopenic Obesity 
	Subgroup Analyses by Sex and Age 

	Discussion 
	Conclusions 
	References

